The aim of the analysis is to present the implementation and development of agricultural biogas plants as a chance for diversification of agriculture in Poland. The main exogenous and endogenous determinants of the development of agriculture biogas plants in Poland were indicated. It is an attempt to present agricultural biogas plants in terms of their spatial distribution as well as the installed capacity and efficiency of agricultural biogas installations. Moreover, the feedstock structure for agricultural biogas production is also analysed.
Introduction
Nowadays, it continues to search for new ways of the agriculture development in Poland. This is also reflected in undertaking a variety economic initiatives using endogenous resources of the agricultural sector. Agricultural biogas plants are some chance for diversification of agriculture and multifunctional development of rural areas. Production and electrical utilization of agricultural biogas (sourced in the process of biomass anaerobic fermentation) is one of the elements of power system based on renewable sources. But, the biogas utilization is economically justified, only if it is carried out simultaneously with the other renewable energy sources utilization (Budzianowski, 2012) .
The issue of renewable energy sources utilization as an opportunity for diversification of agriculture and sustainable rural development in Poland is relatively new and rarely undertaken. Considering the structure of the renewable energy sources should be indicated that the most important is biomass and also wind energy . The advantage of biomass its universality. Moreover, the use of biomass cause reduce the outflow of capital from various countries and regions .
Importance of biomass, mainly energy crops, also related to the role in the diversification of agricultural activities. Thus, it is not surprising that among the renewable energy sources, in 2010, up 85.4% was biomass. In turn, the largest increase in use was recorded for wind energy. In the years 2006-2010 was 6.5-fold increase in acquisition of wind energy in Poland. The wind power is the fastest growing sector of energy technology and is one of the most cost-effective renewable energy sources in the world (Chodkowska-Miszczuk, Szymańska, 2012) . Besides, the solar energy and heat pumps are becoming popular in Poland, especially in the context of thermal energy.
The process of agricultural biogas plants development is on the initial stage, in Poland. The issue is so important because it is associated with diversification of agricultural production and development of agricultural production for energy purposes. Moreover utilization of agricultural biogas is one of the aspects of multifunctional and sustainable development of agriculture and rural areas. It should be noted that sustainable development is one of the pillars of the development of the European Union. Among the main factors for the agricultural biogas plants development, researchers suggest political aspects, the relevant legal regulations and support for local authorities (exogenous conditionings) (Reise et al., 2012; Grundmann et al., 2012; Hjort-Gregersen, 2002) . On the other hand there are some endogenous conditionings, in the: availability of agricultural resources and both technical and financial factors (Sliz-Szkliniarz, Vogt, 2012) 3
Exogenous and endogenous conditionings of agricultural biogas plants development
The beginnings of agricultural biogas plants in Europe are dated to the middle of 1980s. The first agricultural biogas plants, including small-scale biogas plants (<150 kW e ), were built in Germany, Denmark and Austria. At present, these countries belong to the European leaders in terms of the agricultural biogas plants number (Fischer, Krieg, 2001) . Among other European countries the greatest prospects for the development of agricultural biogas plants Hungary, the Czech Republic and Poland are mentioned (Simon, Wiegmann, 2009) . As a way to the development of agriculture and functional diversification the agricultural biogas plants are indicated in Slovakia (Izakovičová et al., 2010) . Now, more and more attention is paid to the both agricultural diversification and utilization of renewable energy sources. These trends are reflected in various governmental documents as well as in strategic planning. The energy sector development in Poland is conditioned by European Union regulations. Poland, as a member of the European Union is committed to the diversification of energy sources. Another group of factors affecting the agriculture diversification in Poland, including the implementation and development of agricultural biogas plants, are endogenous factors (Chodkowska-Miszczuk, . They relate to human and financial resources as well as the commercial level of agriculture and the agrarian structure in a given area. The agricultural biogas plants development is determined mainly by the size of farms. This is due to the fact that it is much easier to obtain feedstock for agricultural biogas production from the largest farms.
Structure of feedstock for agriculture biogas production
The feedstock for agricultural biogas production is organic material, both from agriculture and industry. The agricultural origin feedstock include: manure, energy crops, waste from plant production, grass clippings, garden waste and leftovers, while industrial origin include waste from the food, dairy, sugar, pharmaceutical, cosmetics, biochemical, paper and meat industries. Taking into account the organic waste the most greatest potential for biogas production is characterised by fat waste (700 m 3 methane production/tone of dry organic matter). Having regard to the dedicated energy crops the grass has the greatest potential for biogas production (587,5 m 3 methane production/tone of dry organic matter). Considering the food processing industry should be noted that the glycerine has the greatest potential for biogas production, i.e. 1196 m 3 methane production/tone of dry organic matter (Agricultural biogas -production and utilization).
In Poland, as a general rule, first organic waste is used, and only then the dedicated energy crops (that is cultivated specifically for the electricity and/or heat production). In total, in 2011, in Poland about 470,000 tons of feedstock were used for agricultural biogas production, of which 73.65% was organic waste, and 26.35%
were dedicated crops. The most important source of agricultural biogas is liquid manure (as part of organic waste), which in 2011 accounted for 56.67% of all substrates for agricultural biogas production in Poland; it is followed by maize silage (dedicated crop) -23.2% and distillery stock -6.5%. The remaining 13.6% of substrates used included manure, fruits and vegetables remains, potato pulp and cereals ( Fig. 1) . Fig. 1 . Feedstock structure for agricultural biogas production in Poland in 2011 Explanation: organic waste: 1 -liquid manure, 2 -distillery stock, 3 -manure, 4 -vegetables and fruits remains, 5 -lecithin and soaps mix, 6 -potato pulp, 7 -sugar beetroot pulp, 8 -whey, 9 -stomach contents, 10 -flour, bread and breadcrumbs, 11 -fat waste; dedicated energy crops: 12 -maize silage, 13 -cereal silage, 14 -grass silage, 15 -lucerne silage. Source: developed by the authors based on the data collected from the Agricultural Market Agency (AMA)
Considering the endogenous factors related to the agricultural activity: in 2010 45% of farms in Poland conducted both plant and animal production, and 37% only plant production, (Data Local Bank) it should be noted that the feedstock potential for agricultural biogas production is much larger. This is also reflected in the governmental document "Trends in the development of agricultural biogas plants in
Poland in the years 2010-2020", according to which the available energy potential is 1.7 billion m 3 of agricultural biogas per year. Additionally, in order to obtain substrates for agricultural biogas production, it is expected dedicated energy crops will be introduced in the area of about 700,000 ha. Voivodeships. The share of applications for these subsidies submitted in each of these voivodeships is approximately 12% of all applications in Poland. It should be emphasised that the bonus will be given to projects submitted by farmers with small farms located in the areas of unfavourable farming conditions from the gminas with low tax revenues. The farms and gminas with the above mentioned features are located primarily in eastern, south-eastern and central Poland.
Agricultural biogas plants in

Energy from agricultural biogas in Poland
Agricultural biogas plants installed in Poland combined heat and power (CHP) generated. The total installed electric capacity is 31,856 MW e and the thermal capacity -32,953 MW t . Considering the installed capacity of agriculture biogas plants it should be emphasised that both electric and thermal capacity stands at an average (Fig. 3) . Among the endogenous determinants of the development of agricultural biogas plants in Poland, the most important role is played by the commercial level of agriculture, agricultural activity directions and agrarian structure. In the light of the study it can be stated that both the highest number of agricultural biogas plants and biogas plants of the largest installed capacity are located in the Pomorskie, Zachodniopomorskie and Kujawsko-Pomorskie Voivodeships. These voivodeships are characterised by a relatively large average farm size (about 15 ha) and highcommercial livestock production. These are large farms specialising in animal production which are ideal feedstock suppliers (mainly organic waste) for agricultural biogas production. This is why the aforementioned voivodeships have become the leaders of agricultural biogas production and energy from agricultural biogas in Poland.
